Stimulants, mostly caffeinated beverages are increasingly being relied upon to maintain alertness, increase awareness and repress the need for sleep in situations of sleep loss. Caffeine is a common central nervous system stimulant 24 which has also been shown to be important in the modulation of learning and memory functions. 25 Caffeine has been shown to enhance cognitive function in both clinical and animal studies, 26 it also alleviates memory impairment in animal models of brain disorders including Alzheimer disease 25, 27, 28 and Parkinson disease. 29 Although several studies have shown that caffeine and sleep deprivation have both positive and negative effects respectively on learning and memory, the impact of caffeine and sleep deprivation, in combination, on cognitive function is still a matter of debate. Little or no work has yet been done on the effect of caffeine and sleep deprivation on spatial and non spatial learning and memory and hence this study was designed. Our intention was to study the effect of caffeine and sleep deprivation combination on spatial and non spatial learning and memory.
Methods

Subjects
Swiss Webster mice (Empire Breeders, Osogbo, Osun State, Nigeria) weighing 18-20 g at the commencement of this study were used. Mice were housed in plastic cages measuring 16 × 12 × 10 inches (6 mice in each cage). Housing is a temperature-controlled (22.5°C ± 2.5°C) quarters with 12 hours of light. Mice had free access to food and water except during the
Introduction
The mammalian brain normally goes through cycles of neural and metabolic activity associated with distinct biological states of wake and sleep. 1 Sleep is a natural physiological process whose hallmark is the cyclic occurrence of two main stages: nonrapid-eye movement (non-REM) sleep followed by a rapid-eye movement (REM) sleep with the duration of the REM sleep being shorter. 2 Of crucial importance is sleep in the adequate functioning of memory and neuronal plasticity, [3] [4] [5] coupled with reinforcement of connections between neuronal networks for memory consolidation in the hippocampus with optimal sleep. 6, 7 Increased hippocampal activity is seen during sleep following a learning task; 8 this increment enhances hippocampal dependent memory. 9 In humans however, pressure to excel often result in self-imposed sleep restriction. Considering how many hours of overnight sleep is actually 'enough'; seven to eight hours of sleep has been deemed vital for optimal cognitive performance.
Sleep deprivation (SD) has been defined as either a complete or partial lack of sleep. 10 Deficits in cognitive function as a result of sleep loss have been reported globally. 11 Ample evidence exists in support of a correlation between sleep deprivation and memory impairment in humans and animals. 5, [12] [13] [14] [15] [16] [17] Some studies have reported that SD prior to learning reduced learning ability and impaired memory; 18, 19 others argue that SD following learning impairs memory formation. [20] [21] [22] While sleep loss causes a significant decrease in hippocampal activity 23 the hip-
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A AN NN NA AL LS S RES ARTICLE behavioural tests. The experimental protocol was approved by the University Animal Ethics Committee. All guidelines applicable applying to animal safety and care were observed. 
Apparatus/Behavioural testing
Novel object recognition test (Open Field Box) or NOR test
The experimental apparatus consisted of an open-field box (36 × 30 × 26 cm). The apparatus was located in a quiet room. The NOR test was performed according to the method reported. 30, 31 All groups of mice were subjected to three phases: acclimation, acquisition and test, and scores were recorded. For acclimation, the mouse was placed into the NOR chamber (an open field box) and allowed to explore freely for 10 minutes daily for three days. No objects were placed in the box during the acclimation trial. Following acclimation, the acquisition trial was conducted by placing the mouse in the field; two novel objects were symmetrically fixed to the floor of the box 5 cm from the walls. The objects were constructed from a ping-pong ball, a cylindrical bottle cover and a piece of Lego brick, which were different in shape and colour but similar in size. Mice were allowed to explore the two objects for 10 minutes (day 4), and exploratory activity (i.e., the time spent exploring each object) was recorded. After 24 hours (day 5), mice were re-exposed to one of the objects of the acquisition phase, together with a novel object (not used in acquisition phase). Once again, animals were allowed to explore freely for 5 minutes and the time spent exploring each object was recorded. A mouse was considered to be involved in exploratory behaviour when its head was oriented directly towards the object and within approximately 1-2 cm from it. For test data, the percentage of exploration time spent at the novel object was determined.
The choice for novel or familiar object was counterbalanced, and the position of each object was also alternated between trials to avoid any misinterpretation of data. After each exposure, the objects and test chamber were cleaned with 5% ethanol to eliminate odour cues. Subsequently, the following indices were estimated. Discrimination ratio (DR) was the exploration difference between the novel(N) and familiar(F) object divided by the total ET (DR = N-F/N + F). 32 Recognition index (RI) consisted of dividing novel object exploration by the total ET (N/N + F).
33,34
Y maze analysis
Spontaneous alternation is a measure of spatial working memory. The Y-maze can be used as a measure of short term memory. In this study spontaneous alternation was assessed using a Y-maze composed of three equally spaced arms (120°, 41 cm long and 15 cm high). The floor of each arm is made of wood and is 5 cm wide. Each mouse was placed in one of the arm compartments and was allowed to move freely until its tail completely entered another arm. The arms were labeled A, B and C.
An alternation is defined as entry into all three arms consecutively, for instance if the animal makes the following arm entries; ACB,CA,B,C,A,CAB,C,A, in this example, the animal made 13 arm entries, 8 of which are correct alternations. The number of maximum spontaneous alternations consists of total number of arms entered minus two, and the percentage alternation is calculated as {(actual alternations /maximum alternations) x 100}. For each animal, the Y-maze testing was carried out for 5 minutes. The apparatus was cleaned with 5% alcohol and allowed to dry between sessions.
Statistical Analysis
Data was analysed using Chris Rorden's ezANOVA statistical package, (version 0.98). Hypothesis testing was performed using analysis of variance (ANOVA). Multi-factorial ANOVA models were used to test effects of dose, gender and sleep deprivation on novel object recognition test parameters and Y maze spontaneous alternation. Tukey HSD test was used for within and between group comparisons. Results are expressed as mean ± S.E.M, p values less than 0.05 were considered statistically significant.
results
Novel object recognition test
Total exploration time (Acquisition phase)
First, we ascertained the effect of six hours of total sleep deprivation and caffeine (10, 20, 40, 80 and 120 mg/kg) administration on the total exploration time during the acquisition phase in male and female mice following the novel object recognition test. There was a significant effect of caffeine dose (p = 0.000) and sleep deprivation (p = 0.000). A strong association between caffeine dose and gender (p = 0.000), caffeine dose and sleep deprivation and between all three main factors (caffeine dose, gender and sleep deprivation) was also observed, even though the lack of a effect of gender (p = 0.532) alone was also evident. Table 1 .
Effects of gender following vehicle or caffeine administration in sleep deprived and non sleep deprived mice showed that in females compared to males, total exploration time of sleep deprived mice increased significantly in VEH (p = 0.002) and at 10 (p = 0.000), 40 (p = 0.011) and 80 (0.002) mg/kg of caffeine, while at 20 mg/kg total exploration time decreased significantly. In non sleep deprived mice, total exploration time decreased significantly at 10 (p = 0.001), 20 (p = 0.000), 40 (p = 0.000) and 80 (p = 0.010) mg/kg, and increased significantly following VEH (p = 0.010) and at 120 (p = 0.000) mg/kg of caffeine as shown in Table 2 .
Novel object exploration time
We also examined the effect of six hours of total sleep deprivation and caffeine (10, 20, 40, 80 and 120 mg/kg) administration on the novel object exploration time in male and female mice. Caffeine dose (p = 0.000) and sleep deprivation (p = 0.000) exerted significant effects while sleep deprivation as an independent factor (P = 0.187) did not have a significant effect. Strong associations were seen between caffeine dose and gender (p = 0.000), caffeine dose and sleep deprivation and between all three main factors (caffeine dose, gender and sleep deprivation). Comparing sleep deprived to non sleep deprived mice following administration of vehicle, novel object exploration time increased significantly in female (p = 0.000) and decreased 
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Effects of gender following vehicle or caffeine administration in sleep deprived and non sleep deprived mice was also analysed. Result showed that in females compared to males novel object exploration time was significantly increased following VEH (p = 0.000) and at 80 (p = 0.000) mg/kg of caffeine in sleep deprived mice and in non sleep deprived mice at 10 (p = 0.000).
Novel object exploration time decreased significantly in females compared to males at 40 (p = 0.012) mg/kg in SD mice and in non sleep deprived mice following VEH (p = 0.000) and at 20 (0.037) mg/kg of caffeine as shown in Table 4 .
Recognition index
The effect of six hours of total sleep deprivation and caffeine (10, 20, 40, 80 and 120 mg/kg) administration on the recognition index in male and female mice following the novel object recognition test was also evaluated. Multifactorial ANOVA of all three main factors revealed significant {caffeine dose (p = 0.000), sleep deprivation (p = 0.000) and gender (p = 0.043) effect and very strong interactions between caffeine dose and gender (p = 0.000), caffeine dose and sleep deprivation and within all three main factors (caffeine dose, gender and sleep deprivation).
Comparing within group effects in sleep deprived and non sleep deprived male and female mice respectively against vehicle (distilled water) showed statistically significant increase in the recognition index ( Comparing recognition indices between SD and NSD male and female mice respectively following administration of vehicle revealed a significant reduction in recognition index in SD males (p = 0.001) and an increase in SD females (p = 0.008) when compared to NSD mice administered vehicle. Between group comparisons of the effect of sleep deprivation in male and female mice at varying doses of caffeine revealed a
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Effects of gender following vehicle or caffeine administration in sleep deprived and non sleep deprived mice showed statistically significantly increase in recognition index at 10 (p = 0.001) and 40 (p = 0.034) mg/kg of caffeine in non sleep deprived female mice compared to males. SD mice showed significant increase at 20 (p = 0.015), 40 (0.013) and 120 (p = 0.047) mg/ kg and significant reduction at 80 (p = 0.001) mg/kg in females compared to male mice as shown in Table 6 .
Discrimination ratio
Effects of six hours of total sleep deprivation and caffeine (10, 20, 40, 80 and 120 mg/kg) administration on discrimination ratio in male and female mice using the novel object recognition test was also studied. Multifactorial ANOVA revealed significant main effect of caffeine dose (p = 0.000), sleep deprivation (p = 0.000), gender (p = 0.001) and very strong group interactions between caffeine dose and gender (p = 0.000),
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A AN NN NA AL LS S RES ARTICLE Comparing the response seen within sleep deprived and non sleep deprived groups in both male and female mice respectively (distilled water) revealed statistically significant increase in the discrimination ratio in NSD female mice at 10 (p = 0.000), 20 (p = 0.000) and 40 (0.042) mg/kg, and in SD females at 20 (p = 0.006) mg/kg, discrimination ratio reduced significantly in NSD females at 120 (p = 0.000) mg/kg and in SD females at 80 (p = 0.047) and 120 (p = 0.001) mg/kg. In NSD males discrimination ratio decreased significantly at 10 (p = 0.000), 40 (p = 0.000) and 120 (p = 0.000) mg/kg and increased significantly at 20 (p = 0.000), while in SD males discrimination ratio decreased significantly at 120 mg/kg (p = 0.000) compared to corresponding vehicle as shown in Figure 4 .
Comparing discrimination ratios between sleep deprived and non sleep deprived male and female mice respectively following administration of vehicle, revealed a significant reduction
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in males (p = 0.01) and a slight increase in females (p = 0.082) but non-significant. Between group comparisons of the effect of sleep deprivation in male and female mice at varying doses of caffeine revealed a significant reduction in discrimination ratio at 10 (p = 0.000), 20 (p = 0.029),80 (p = 0.000) and 120 (p = 0.001) mg/kg in female mice and at 20 (p = 0.000) mg/ kg in male mice, at all other doses in both male and females, discrimination ratio was reduced although not statistically significant as shown in Table 7 .
Effects of gender following vehicle or caffeine administration in sleep deprived and non sleep deprived mice showed that in females compared to males discrimination ratio decreased significantly following VEH (p = 0.000) and at 120 (p = 0.000) mg/kg and increased significantly at 10 (p = 0.000) mg/kg of caffeine in non sleep deprived mice. In sleep deprived mice however discrimination ratios increased significantly at 20 (p = 0.001) mg/kg and decreased significantly at 40 (p = 0.001), 80 (p = 0.013) and 120 (p = 0.000) mg/kg in females compared to males as shown in Table 8 .
Effect of caffeine on Y maze spontaneous alternation
The effect of six hours of total sleep deprivation and caffeine (10, 20, 40, 80 and 120 mg/kg) administration on spontaneous alternation following 5 minutes of exploration in the Y maze was assessed in male and female mice. Results from Multifactorial ANOVA showed significant effects in two of the three main factors in this study, {caffeine dose (p = 0.000) and sleep deprivation (p = 0.000)} while gender (p = 0.296) did not exert a significant effect. Strong associations also exist between caffeine dose and gender (p = 0.000), caffeine dose and sleep deprivation, gender and sleep deprivation (p = 0.000) and also within all three main factors; caffeine dose, gender and sleep deprivation (p = 0.000).
Within group interaction in sleep deprived and non sleep deprived animals male and female mice respectively compared to vehicle (distilled water) showed significant decrease in sponta- Comparisons between sleep deprived and non sleep deprived male and female mice respectively following administration of vehicle revealed no significant difference in either male or female mice. Between group comparisons of the effect of sleep deprivation in male and female mice at varying doses of 
caffeine revealed a significant increase in spontaneous alternation at 20 (p = 0.000) and 40 (p = 0.008) mg/kg and a significant reduction at 80 (p = 0.000) mg/kg in SD compared to NSD female mice. SD male mice showed significant reduction in spontaneous alternation at 10 (p = 0.000) and 40 (p = 0.000) mg/kg of caffeine compared to NSD males as shown in Table 9 .
Effects of gender following vehicle or caffeine administration in sleep deprived and non sleep deprived mice showed significant increase in spontaneous alternation following VEH (p = 0.012) and significant reduction in alternation at 20 (p = 0.002), 40 (p = 0.000) and 80 (p = 0.006) mg/kg in NSD females compared to males. In SD mice spontaneous alternation increased significantly at 10 (p = 0.001), 20 (p = 0.002) and 40 (p = 0.000) mg/kg and reduced significantly at 80 (p = 0.000) mg/kg in females compared to males as shown in Table 10 .
discussion
This study was designed to examine how certain aspects of memory may be affected by sub chronic oral caffeine of increasing doses and total sleep deprivation by the gentle handling method; study was done using adult male and female mice. Examinations of effects of caffeine dose, gender and total sleep deprivation in a three factor model using spatial and non spatial memory tasks were conducted. The findings of this study show all three factors independently have strong impacts on memory and also reveal very strong interactions among these factors.
The object recognition task exploits the natural exploratory activity of rodents toward spatial novelty to assess the detection of spatial relocation of a known object and is critically dependent on the hippocampus. 35 Caffeine administration before 30 minutes of training impaired memory acquisition in NSD female mice and improved it in NSD male mice. However caffeine administered 30 minutes pre-test improved memory retention in NSD females at lower doses and had no effect at higher doses, while in NSD males, it showed a biphasic response. In NSD female mice, ability to recognize novel object improves with caffeine administration while it is impaired in males. Pretest caffeine administration improves object discrimination in females at lower doses and worsens it at higher doses. In males object discrimination gave a biphasic response. Results of Y maze spontaneous alternation revealed that pre test caffeine administration impaired memory in female mice while in male mice, memory was improved. This finding is consistent with our previous study where we gave acute intraperitoneal caffeine to mice. This leads to the understanding that caffeine response is not affected by duration or route of administration, corroborating other studies that have reported the ability of caffeine to enhance memory irrespective of the route of administration 
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A AN NN NA AL LS S RES ARTICLE or subject. 26, 28 Mechanisms underlying memory changes with caffeine remain a matter of continuous debate and study. Enhancement of cholinergic transmission is believed to be one of the prime candidates. We also observed in previous studies that the ability of caffeine to enhance memory is more obvious against a background of central cholinergic deficit as it occurs with aging or scopolamine administration.
Sleep plays a critical role in learning and memory formation. Studies have demonstrated that sleep deprivation in animals lead to memory deficits. 6, 17 Pre-training and pre-test sleep deprivation improved total exploration time, novel object exploration time, novel object recognition index and discrimination ratio in female vehicle treated mice. In males it worsens novel exploration time, discrimination ratio and novel object recognition index but improves total exploration time. This suggests that in females pre training SD enhanced memory acquisition and allowing post training sleep may have facilitated memory consolidation and hence retention, but pre test SD did not alter memory retrieval in them. In males pre training SD impaired memory acquisition, pre test SD impaired memory retention and retrieval. Administration of caffeine in sleep deprived male and female mice showed mixed effects, asserting both gender sensitive and dose dependent response. The impact of SD on 
A AN NN NA AL LS S RES ARTICLE memory processes i.e., acquisition, consolidation and retrieval is a complex process, believed to depend on the neurobehavioural model used. 36 Several studies have reported that pretraining SD alters acquisition and memory retention in humans and rodents. 23, 37 Impairment in memory tasks have been reported in rodents using varying behavioural models [38] [39] [40] [41] which support our finding in male mice, where SD impairs memory. Combination of caffeine and sleep deprivation results in a biphasic response in males and females and for the most part the effect seen was deterioration from SD control.
Pre-training SD in Y maze tests showed impairment of spatial learning in female SD controls and no significant effect in males. Administration of caffeine led to spatial memory improvement in females and in males biphasic response was recorded. Studies related to the effect of SD on spatial learning reported mixed results, with some studies reporting that pre-training SD slows memory acquisition 41 and others finding no effect, 42 support the biphasic response of our study.
We conclude that effects of SD and caffeine on memory depend on various competing factors in the experimental animals. As we have said earlier, caffeine is a known enhancer of central cholinergic transmission and this is believed to be responsible for improvement in our study. On the other hand, sleep deprivation is known to impair memory by its negative effects on glutamatergic neurotransmission. We hypothesize that enhanced cholinergic transmission is pitted against impaired glutamatergic transmission for memory enhancement, which is further modulated by the influence of sex hormones. Overall, we observed that caffeine administration cannot fully compensate for memory deficits occurred by total sleep deprivation.
Conclusion
In conclusion, the study shows the complex nature of memory formation, retention and retrieval in opposite sex of animals in response to total sleep deprivation superimposed with caffeine administration.
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